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57 ABSTRACT

The present invention relates to a liquid crystal display
device, and more particularly, to a gate-in-panel (GIP) type
dual gate structure liquid crystal display device for minimiz-
ing a region occupied by a gate driving unit in the GIP struc-
ture liquid crystal display device in which the gate driving
unit supplying a gate driving signal is formed on a liquid
crystal panel to implement a narrow-bezel, and improving
image quality deterioration due to signal delay. According to
the present invention, the number of stages may be reduced
through the structure of alternately outputting a gate driving
voltage other than the structure of simultaneously outputting
a gate driving voltage from two gate driving units in a dual
GIP type liquid crystal display, thereby minimizing an area
occupied by the gate driving unit.

18 Claims, 7 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0043420, filed on Apr. 25, 2012, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly, to a gate-in-panel (GIP) type
dual gate structure liquid crystal display device for minimiz-
ing a region occupied by a gate driving unit in the GIP struc-
ture liquid crystal display device in which the gate driving
unit supplying a gate driving signal is formed on a liquid
crystal panel to implement a narrow-bezel, and improving
image quality deterioration due to signal delay.

2. Description of the Related Art

In recent years, cathode ray tubes or the like in the related
art have been replaced by flat display devices in the electronic
information display device field, and such flat display devices
may include a liquid crystal display (LCD), a plasma display
panel (PDP), a field emission display (FED), an organic light
emitting diode (OLED), and the like. Liquid crystal display
devices among such flat display devices have been mostly
used now due to reasons such as mass production technolo-
gies, facilitation of a driving means, implementation of a
high-quality screen, and embodiment of a large-sized area
screen.

In particular, an active matrix type liquid crystal display
device in which a thin-film transistor is used for a switching
element is adequate to display dynamic images. A typical
liquid crystal display device is provided a gate driving unit for
generating and providing scan signals, and also provided with
a data driving unit for providing data signals for displaying
image gradation.

In particular, an active matrix liquid crystal display device
in which a thin-film transistor is used for a switching element
is adequate to display dynamic images.

FIG. 1is a block diagram illustrating a basic configuration
of a liquid crystal display device in the related art.

Asillustrated in the drawing, a liquid crystal display device
in the related art may include a liquid crystal panel 1 for
displaying images and driving units 4, 5.

For the liquid crystal panel 1, a plurality of gate lines (GLs)
and a plurality of data lines (DLs) are crossed with each other
in a matrix form on a substrate using a glass to define a
plurality of pixels at the crossed locations and images are
displayed based on data signals applied to the pixels. The
liquid crystal panel 1 may be divided into a active area (NA)
formed with pixels to implement an image, and a non-active
area (N/A) surrounding the active area (NA).

The driving units 4, 5 may include a gate driving unit 4 and
a data driving unit 5. The gate driving unit 4 controls the turn
on/off of switching elements in the pixels arranged on the
liquid crystal panel 1 in response to a gate control signal
(GCS) supplied from the timing controller (not shown). The
gate driving unit 4 outputs a gate driving voltage (VG) to the
liquid crystal panel 1 through the gate lines (GLs) to turn on
a switching element of the pixel for each line progressively,
thereby supplying a data signal supplied from the data driving
unit 5 to the pixel for each horizontal period.
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2

The data driving unit 5 modulates digital waveform image
data into an analog waveform data signal in response to a data
control signal (DCS) supplied from the timing controller.
Next, a data signal corresponding to one horizontal period is
simultaneously supplied to the liquid crystal panel 1 through
all data lines (DLs) for each horizontal period, thereby allow-
ing each pixel to display image gradation.

In such aliquid crystal display device having the foregoing
structure, the structure of the gate driving unit 4 is relatively
simple compared to that of the data driving unit 5, and a
gate-in-panel (GIP) scheme in which the gate driving unit is
fabricated on the non-active area (N/A) in the form of a
thin-film transistor during the fabrication of a liquid crystal
panel substrate, without using a scheme in which the gate
driving unit is implemented as a separate integrated circuit
(IC) and bonded to the liquid crystal panel has been proposed
to reduce the volume, weight and fabrication cost ofthe liquid
crystal display device.

Furthermore, the liquid crystal display device has a motion
blur characteristic in which image quality is deteriorated due
to the limitation of the liquid crystal response speed. In order
to overcome the problem, there has been proposed a scheme
in which a driving frequency above 120 Hz other than 60 Hz
is applied to the liquid crystal display device. However, when
the liquid crystal display device is driven at above 120 Hz, one
horizontal period (1H) is reduced to that extent, thereby caus-
ing difficulty in securing a time for turning on switching
elements for each pixel.

Accordingly, as illustrated in FIG. 1, a structure in which
GIP type gate driving units 4 are embedded therein at the left
and right sides of the liquid crystal panel 10, and an overlap
interval between each front and rear gate driving voltage is
provided to turn on the switching element through pre-charg-
ing has been applied to a recent liquid crystal display device.

However, as described above, in case of the GIP scheme,
the gate driving units 2a, 25 are mounted on the liquid crystal
panel 1 through thin-film transistors, and thus the width ofthe
non-active area (N/A) at the left and right sides of the liquid
crystal panel is increased. An area (2xN1) occupied by the
gate driving units 2a, 26 at both sides of the liquid crystal
panel 1 is about 9.5 mm, and most of that area is used based
on the size of thin-film transistor.

FIG. 2 is a view for explaining an area occupied by one of
the GIP type gate driving units on a liquid crystal panel in the
related art. As illustrated in the drawing, a first 4-phase GIP
gate driving unit 4¢ may include a clock signal (CLK 1~CLK
4) and start signal (Vst) routing region 21, a gate high voltage
(VGH) and gate low voltage (VGL) routing region 22, a shift
register region 23, a level shift region 24, and an output
routing region 25.

According to the foregoing structure, one stage outputting
a gate driving voltage (VG) in the first gate driving unit 2a has
a width L1 in the vertical (a short side of the liquid crystal
panel) direction and a width N1 in the horizontal (a long side
of the liquid crystal panel) direction. Accordingly, in case of
adual gate structure, it occupies a region having a width 2xN1
in the horizontal direction.

Inrecent years, a narrow bezel structure for minimizing the
width of non-active area (N/A) of the liquid crystal display
device has been preferentially used, thereby causing a prob-
lem that the foregoing dual GIP scheme is not applicable to a
narrow bezel type liquid crystal display device with less than
5.5 mm.

SUMMARY OF THE INVENTION

The present invention has been contrived to solve the fore-
going problem, an object of the present invention is to mini-
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mize an area occupied by a gate driving unit on the liquid
crystal panel in a GIP type dual gate structure liquid crystal
display device, thereby implementing a narrow bezel liquid
type crystal display device.

Furthermore, another object of the present invention is to
solve image quality deterioration due to a discharge period
delay caused by the signal delay of the gate line in a 120 Hz
liquid crystal display device.

In order to accomplish the foregoing objects, a liquid crys-
tal display device according to a first embodiment of the
present invention may include a liquid crystal panel formed
with n gate lines (n is a natural number); a timing controller
configured to receive a timing signal from an external system
and generate a first through a fourth clock signal; a first gate
driving unit configured to apply a gate high voltage to one side
of'the (2n-1)th gate line in correspondence to the first and the
third clock signal; a second gate driving unit configured to
apply the gate high voltage to one side of the (2n)th gate line
in correspondence to the second and the fourth clock signal;
an [-discharge circuit configured to apply a gate low voltage
to the other side of the (2n-1)th gate line in correspondence to
a voltage level of the (2n+1)th gate line; and a R-discharge
circuit configured to apply the gate low voltage to the other
side of the (2n)th gate line in correspondence to a voltage
level of the (2n+2)th gate line.

The first through the fourth clock signal may have a high
interval of two horizontal periods (2H), respectively, and one
horizontal period (1H) may be overlapped between front and
rear signals.

The first gate driving unit may include a plurality of
L-stages connected to one another, and operated by receiving
any one of the first and third clock signals, and the [-dis-
charge circuit may be formed between the plurality of
L-stages.

The first gate driving unit may further include at least one
dummy L-stage connected to the R-discharge circuit.

The L-discharge circuit may be a plurality of transistors
including a first electrode connected to the (2n)th gate line; a
second electrode to which the gate low voltage is applied; and
a gate electrode connected to the (2n+2)th gate line or dummy
line.

The second gate driving unit may include a plurality of
R-stages connected to one another, and operated by receiving
any one of the second and fourth clock signals, and the R-dis-
charge circuit may be formed between the plurality of
R-stages.

The second gate driving unit may further include at least
one dummy R-stage connected to the L-discharge circuit.

The R-discharge circuit may be a plurality of transistors
including a first electrode connected to the (2n-1)th gate line;
a second electrode to which the gate low voltage is applied;
and a gate electrode connected to the (2n+1)th gate line or
dummy line.

The first and the second gate driving unit may be embedded
in the non-active area of the liquid crystal panel.

Furthermore, in order to accomplish the foregoing objects,
a liquid crystal display device according to a second embodi-
ment of the present invention may include a liquid crystal
panel formed with n gate lines (n is a natural number); a
timing controller configured to receive a timing signal from
an external system and generate a first through a sixth clock
signal; a first gate driving unit configured to apply a gate high
voltage to one side of the (2n-1)th gate line in correspon-
dence to the first, the third, and the fifth clock signal; a second
gate driving unit configured to apply the gate high voltage to
one side of the (2n)th gate line in correspondence to the
second, the fourth, and the sixth clock signal; a R-discharge
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circuit configured to apply a gate low voltage to the other side
of'the (2n-1)th gate line in correspondence to a voltage level
of'the (2n+2)th gate line; and a L-discharge circuit configured
to apply the gate low voltage to the other side of the (2n)th
gate line in correspondence to a voltage level of the (2n+3)th
gate line.

The first through the sixth clock signal may have a high
interval of three horizontal periods (3H), respectively, and
two horizontal periods (2H) may be overlapped between front
and rear signals.

The first gate driving unit may include a plurality of
L-stages connected to one another, and operated by receiving
any one of the first, third and fifth clock signals, and the
L-discharge circuit may be formed between the plurality of
L-stages.

The first gate driving unit may further include at least one
dummy L-stage connected to the R-discharge circuit.

The L-discharge circuit may be a plurality of transistors
including a first electrode connected to the (2n)th gate line; a
second electrode to which the gate low voltage is applied; and
a gate electrode connected to the (2n+3)th gate line or dummy
line.

The second gate driving unit may include a plurality of
R-stages connected to one another, and operated by receiving
any one of the second, fourth and sixth clock signals, and the
R-discharge circuit may be formed between the plurality of
R-stages.

The second gate driving unit may further include at least
one dummy R-stage connected to the L-discharge circuit.

The R-discharge circuit may be a plurality of transistors
including a first electrode connected to the (2n-1)th gate line;
a second electrode to which the gate low voltage is applied;
and a gate electrode connected to the (2n+2)th gate line or
dummy line.

The first and the second gate driving unit may be embedded
in the non-active area of the liquid crystal panel.

According to a preferred embodiment of the present inven-
tion, the number of stages may be reduced through the struc-
ture of alternately outputting a gate driving voltage other than
the structure of simultaneously outputting a gate driving volt-
age from two gate driving units in a dual GIP type liquid
crystal display, thereby having an effect capable of minimiz-
ing an area occupied by the gate driving unit.

Furthermore, according to the present invention, a separate
discharge means may be provided for each stage of the gate
driving unit to discharge a gate line in synchronization with
the output of a subsequent stage for each one horizontal
period (1H), thereby having another effect capable of solving
the image deterioration of the liquid crystal display device
due to a discharge period delay.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1is a block diagram illustrating a basic configuration
of a liquid crystal display device in the related art;

FIG. 2 is a view for explaining an area occupied by one of
the GIP type gate driving units on a liquid crystal panel in the
related art;

FIG. 3 is a view illustrating a liquid crystal display device
and a driving unit thereof according to a first embodiment of
the present invention;
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FIG. 4 is a view illustrating the structure of a gate driving
unit and a discharge circuit formed on a liquid crystal panel
according to a first embodiment of the present invention;

FIG. 5A is a view illustrating a voltage change for a gate
line of a GIP type dual gate structure liquid crystal display
device with no discharge circuit, and FIG. 5B is a view illus-
trating a voltage change for a gate line of a liquid crystal
display device according to a first embodiment of the present
invention;

FIG. 6 is a view illustrating the structure of a gate driving
unit and a discharge circuit formed on a liquid crystal panel
according to a second embodiment of the present invention;

FIG. 7 is a view illustrating the structure of a gate driving
unit and a discharge circuit formed on a liquid crystal panel
according to a second embodiment of the present invention;

FIG. 8 is a view illustrating a voltage change for a gate line
of a liquid crystal display device according to a second
embodiment of the present invention; and

FIG. 9 is a view for explaining an area occupied by one of
gate driving units of a liquid crystal display according to a
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a liquid crystal display device and a driving
unit thereof according to a preferred embodiment of the
present invention will be described below with reference to
the accompanying drawings.

FIG. 3 is a view illustrating a liquid crystal display device
and a driving unit thereof according to a first embodiment of
the present invention.

As illustrated in the drawing, a liquid crystal display
according to the present invention may include a liquid crys-
tal panel 100 configured to display an image, a timing con-
troller 120 configured to receive a timing signal from an
external system and generate various control signals, and gate
and data driving units 140, 150 configured to control the
liquid crystal panel 100 in correspondence to the control
signals.

For the liquid crystal panel 100, a plurality of gate lines
(GLs) and a plurality of data lines (DLs) are crossed with each
other in a matrix form on a substrate using a glass to define a
plurality of pixels at the crossed locations. Each pixel is
provided with a thin-film transistor, a liquid crystal capacitor
(Clc), and a storage capacitor (Cst), and all the pixels consti-
tute one active area (A/A). An area in which pixels are not
defined is classified into a non-active area (N/A).

The timing controller 120 receives timing signals such as
an image signal (RGB), a clock signal (DCLK), a horizontal
synchronization signal (Hsync), a vertical synchronization
signal (Vsync), a data enable signal (DE), and the like from an
external system to generate control signals for the gate driv-
ing unit 140 and data driving unit 150.

Here, the horizontal synchronization signal (Hsync) is a
signal indicating a time required to display one horizontal line
on the screen, and the vertical synchronization signal (Vsync)
is a signal indicating a time required to display one frame on
the screen. Furthermore, the data enable signal (DE) is a
signal indicating a period for supplying a data voltage to a
defined pixel of the liquid crystal panel 100.

Furthermore, the timing controller 120 generates a control
signal (GCS) of the gate driving unit 140 and a control signal
(DCS) of the data driving unit 150 in synchronization with the
received timing signal.

In addition, the timing controller 120 generates a plurality
of clock signals (CLK 1~CLK 4) for determining a drive time
of each stage in the gate driving unit 140 to provide them to
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the gate driving unit 140. Here, the first through fourth clock
signals (CLK 1~CLK 4) are signals for maintaining a high
interval of two horizontal periods (2H), and overlapped with
each other for one horizontal period (1H).

Furthermore, the timing controller 120 may output the
received image data (RGB DATA) by aligning and modulat-
ing them in a form that can be processed by the data driving
unit 150. Here, the aligned image data (RGBv) may be a form
to which a color coordinate calibration algorithm for image
quality enhancement is applied.

Two gate driving units 140 are provided in the non-active
area (N/A) at both ends of the liquid crystal panel 100. Each
gate driving unit 140a, 1405 is comprised of a plurality of
stages containing shift registers. During the fabricating a
substrate of the liquid crystal panel 100, the gate driving unit
140 is embedded therein in a thin-film pattern form on the
non-active area (N/A) in a gate-in-panel (GIP) scheme.

The first and the second gate driving units 140a, 1405
alternately outputs a gate high voltage (VGH) for each two
horizontal periods (2H) through a plurality of gate lines (GL
1~GL n) formed in the liquid crystal panel 100 in response to
a gate control signal (GCS) received from the timing control-
ler 120. Here, the output gate high voltage (VGH) maintains
for two horizontal periods (2H) and the front and rear gate
high voltages (VGH) are overlapped with each other for one
horizontal period (1H). It is provided to pre-charge the gate
lines (GL 1~GL n), thereby performing a stable pixel charg-
ing operation compared to when applying a data voltage.

To this end, a first and a third clock signal (CLK 1, CLK 3)
having two horizontal periods (2H), respectively, are applied
to the first gate driving unit 140q, and a second and a fourth
clock signal (CLK 2, CLK 4) overlapped with the first and the
third clock signal (CLK 1, CLK 3) for one horizontal period
(1H) and having two horizontal periods (2H) are applied to
the second gate driving unit 1405.

For an example, if the first gate driving unit 140q outputs a
gate high voltage (VGH) to the n-th gate line (GL n), then the
second gate driving unit 1405 outputs a gate high voltage
(VGH) to the (n+1)th gate line (GL n+1) after one horizontal
period (1H).

Next, if the first gate driving unit 140q outputs a gate high
voltage (VGH) to the (n+2)th gate line (GL n+2) again after
one horizontal period (1H), then the first gate driving unit
140a outputs a gate low voltage (VGL) to the n-th gate line
(GL n) at the same time to turn off the thin-film transistor
(TFT), thereby maintaining a data voltage charged in the
liquid crystal capacitor (CIO for one frame.

In particular, the present invention may further include a
discharge circuit (TL. 1~TL j, TR 1~TR j) ata time point when
a voltage of the gate line (GL n) is switched from a gate high
voltage (VGH) to a gate low voltage (VGL) to minimize a
discharge delay of the gate line (GL 1~GL n).

The foregoing discharge circuit is connected to an end of
each gate line (GL 1~GL n) to correspond to the each gate line
(GL 1~GL n), and a R-discharge circuit (TR 1~TR j,jis a
natural number) connected to the odd numbered gate line (GL
2n-1) is provided adjacent to the second gate driving unit
1404, and a L-discharge circuit (TL 1~TL j) connected to the
even numbered gate line (GL 2#) is provided adjacent to the
first gate driving unit 140q.

Here, each discharge circuit (TL 1~TL j, TR 1~TR j) is
connected to a gate line (GL n+2) subsequent to the second
one on the basis of one gate line (GL n) to apply a gate low
voltage (VGL) to the relevant gate line (GL n).

The discharge circuit (TL 1~TL j, TR 1~TR j) is formed
with a thin-film transistor between each stage constituting the
gate driving unit 140. Accordingly, an area (2xN2) occupied
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by each gate driving unit 140a, 1405 in the non-active area
(N/A) of the liquid crystal panel 100 may be reduced, thereby
implementing a narrow bezel.

The structure of a stage and a discharge circuit of the gate
driving unit 140 will be described below in more detail.

The data driving unit 150 selectively converts modulation
image data (RGBv) in a digital form received in correspon-
dence to the data control signal (DCS) received from the
timing controller 120 into data voltage (VDATA) in an analog
form based on a reference voltage (Vref). The data voltage
(VDATA) is latched for each horizontal line, and entered to
the liquid crystal panel 100 at the same time through all the
data lines (DL 1~DL m) for one horizontal period (1H).

According to the foregoing structure, in a liquid crystal
display device including an integrated driving circuit accord-
ing to an embodiment of the present invention, the number of
stages may be reduced through the structure of alternately
outputting a gate driving voltage other than the structure of
simultaneously outputting a gate driving voltage from both
gate driving units, and a separate discharge means may be
provided between each stage to assist the discharge of the gate
line, thereby minimizing a discharge period delay.

Hereinafter, the structure of a gate driving unit and a dis-
charge circuit according to a first embodiment of the present
invention will be described in more detail with reference to
the drawing.

FIG. 4 is a view illustrating the structure of a gate driving
unit and a discharge circuit formed on a liquid crystal panel
according to a first embodiment of the present invention.

As illustrated in the drawing, a gate driving unit according
to the present invention may include a first gate driving unit
140a formed at an end of the liquid crystal panel and a second
gate driving unit 1405 formed at the other end thereof. Fur-
thermore, the discharge circuit may include a plurality of
L-discharge transistors (TL 1~TL j) formed between each
stage of the first gate driving unit 140a and a plurality of
R-discharge transistors (TR 1~TR j) formed between each
stage of the second gate driving unit 1405.

A first through a fourth clock signal (CLK 1~CLK 4) in a
four-phase scheme and a gate high voltage (VGH) and a gate
low voltage (VGL) are applied to each stage, and though not
shown in the drawing, the power voltage (VDD) and ground
voltage (GND) may be also applied thereto. In particular, a
high interval of the first through the fourth clock signal (CLK
1~CLK 4) maintains for two horizontal periods (2H), and the
first through the fourth clock signal (CLK 1~CLK 4) are
overlapped with one another for one horizontal period (1H).
Furthermore, the gate high voltage (VGH) is a voltage for
turning on a thin-film transistor in the active area (NA), and
the gate low voltage (VGL) is a voltage for turning off the
thin-film transistor.

The first gate driving unit 140a receives the first and the
third clock signal (CLK 1, CLK 3), and the gate high voltage
(VGH) and gate low voltage (VGL), and outputs a gate driv-
ing voltage to a plurality of odd numbered gate lines (GL
2n-1) based on a first start voltage (Vst 1) corresponding to
the gate start pulse (GSP). The gate high voltage (VGH) for
turning on a thin-film transistor among gate driving voltages
is output for each two horizontal periods (2H). Furthermore,
front and rear gate high voltages (VGH) are overlapped with
each other for each one horizontal period (1H).

The first gate driving unit 140a may include a plurality of
a first through a k-th (k is a natural number) L-stages (STL
1~STL k) an output end of which is connected to an end of the
first start voltage (Vst 1), and a dummy L-stage (DTL).

The second gate driving unit 1405 receives the second and
the fourth clock signal (CLK 2, CLK 4), and the gate high
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voltage (VGH) and gate low voltage (VGL), and outputs a
gate driving voltage to a plurality of even numbered gate lines
(GL 2n) based on a second start voltage (Vst 2) corresponding
to the gate start pulse (GSP).

The second gate driving unit 1405 may include a plurality
of a first through a k-th (k is a natural number) R-stages (STR
1~STR k) an output end of which is connected to an end of the
second start voltage (Vst 2), and a dummy R-stage (DTR).

Furthermore, an [-discharge transistor (TL 1~TL j) are
provided between each L-stage (STL 1~STL k) and the
dummy L-stage (DTL).

A first electrode of the L-discharge transistor (TL 1~TL j)
is connected to an even numbered gate line (GL 27) connected
to an output end of the R-stage (STR 1~STR k). A second
electrode thereof is connected to a gate low voltage (VGL)
supply line. Furthermore, a gate electrode thereof is con-
nected to an even numbered gate line connected to an output
end of the R-stage (STR 1~STR k) or dummy R-stage (DTR),
but connected to an even numbered gate line (GL 2r+2)
subsequent to the line connected to the first electrode or a
dummy gate line (DGL 1).

In other words, the first electrode of the first L-discharge
transistor (TL 1) is connected to the second gate line (GL 2),
and the gate electrode is connected to the fourth gate line (GL
4), and a gate low voltage (VGL) is applied to the second
electrode.

A first electrode of the R-discharge transistor (TR 1~TR j)
is connected to an odd numbered gate line (GL 27-1) con-
nected to an output end of the L-stage (STL 1~STL k). A
second electrode thereof is connected to a gate low voltage
(VGL) supply line. Furthermore, a gate electrode thereof is
connected to an odd numbered gate line connected to an
output end of the L-stage (STL 1~STL k) or dummy [.-stage
(DTL), but connected to an odd numbered gate line (GL
2n+1) subsequent to the line connected to the first electrode or
a dummy gate line (DGL 2).

Here, the foregoing [, R-stage (DTL, DTR) is provided to
drive the last discharge transistor since there exist no subse-
quent [, R-stage (STL k, STR k).

In other words, the first electrode of the first R-discharge
transistor (TR 1) is connected to the first gate line (GL 1), and
the gate electrode is connected to the third gate line (GL 3),
and a gate low voltage (VGL) is applied to the second elec-
trode.

Hereinafter, a method of driving the gate driving unit and
discharge circuit having the foregoing structure in a four-
phase scheme will be described as follows.

When the first and the second start voltage (Vst 1, Vst 2) are
applied to the first and the second gate driving unit 140a,
1404, respectively, the first [-stage (STL 1) of the first gate
driving unit 140q¢ first outputs a gate high voltage (VGH) to
the first gate line (GL 1) in correspondence to the first clock
signal (CLK 1) for two horizontal periods (2H).

Next, the first R-stage (STR 1) of the second gate driving
unit 1405 outputs a gate high voltage (VGH) to the second
gate line (GL 2) in correspondence to the second clock signal
(CLK 2) for two horizontal periods (2H).

Here, the first clock signal (CLK 1) and second clock signal
(CLK 2) are overlapped with each other for one horizontal
period (1H), and thus a rear portion of the gate high voltage
(VGH) applied to the first gate line and a front portion of the
gate high voltage (VGH) applied to the second gate line are
overlapped with each other for one horizontal period (1H).
During the overlapped period, the data driving unit applies a
data voltage to each pixel through the data line.
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Next, the second L-stage (STL 2) outputs a gate high volt-
age (VGH) to the third gate line (GL 3) for two horizontal
periods (2H) in correspondence to the third clock signal
(CLK 3).

Furthermore, the third clock signal (CLK 3) and second
clock signal (CLK 2) are overlapped with each other for one
horizontal period (1H), and thus a front portion of the gate
high voltage (VGH) applied to the third gate line (GL 3) and
a rear portion of the gate high voltage (VGH) applied to the
second gate line (GL 2) are overlapped with each other for one
horizontal period (1H).

At this time, the first L-stage (STL 1) outputs a gate low
voltage (VGL) to the first gate line (GL 1) in correspondence
to the first clock signal (CLK 1), and at the same time, a gate
high voltage (VGH) is applied to a gate end of the first
R-discharge transistor (TR 1) connected to an end of the third
gate line (GL 3). Accordingly, the first R-discharge transistor
(TR 1) is turned on. The second electrode of the first R-dis-
charge transistor (TR 1) is connected to a gate low voltage
(VGL) line, and the gate high voltage (VGH) charged in the
first gate line (GL 1) is transitioned to a gate low voltage
(VGL).

In other words, a gate low voltage (VGL) is applied at both
side ends of the first gate line (GL 1) to minimize a signal
delay due to its line resistance, and thus the first gate line (GL
1) is rapidly discharged. The subsequent charging and dis-
charging operation of the gate line is carried out in the same
form.

FIG. 5A is a view illustrating a voltage change for a gate
line of a GIP type dual gate structure liquid crystal display
device with no discharge circuit, and FIG. 5B is a view illus-
trating a voltage change for a gate line of a liquid crystal
display device according to a first embodiment of the present
invention.

As illustrated in FIG. 5A, in case of a dual gate structure
GIP type liquid crystal display device with no discharge cir-
cuit, each gate line (GL 1~GL n) is charged to a gate high
voltage (VGH) level for two horizontal periods (2H), and then
discharged to a gate low voltage (VGL) level again, and they
are overlapped with each other for one horizontal period (1H).
Here, a data voltage is applied to each pixel during an over-
lapped period (d) of the front and rear gate lines (GL n-1~GL
n).

Atthis time, a signal delay occurs due to a line resistance of
the gate line (GL 1~GL n) prior to or subsequent to charging,
and as a result, it is seen that the voltage level has a smooth
shape (a). In particular, the signal delay during discharge has
an effect on a data voltage applied to the pixel, thereby caus-
ing image quality deterioration.

However, referring to FIG. 5B, in a liquid crystal display
device having a discharge circuit according to a first embodi-
ment of the present invention, a gate low voltage (VGL) is
applied at both side ends of gate line by a discharge transistor
during the discharge of the gate line (GL 1~GL n), and thus
the voltage level is transitioned in an abruptly inclined man-
ner (b).

On the other hand, in addition to the foregoing 4-phase
drive scheme, a 6-phase drive scheme in which the clock
signal is further divided for its stable operation may be appli-
cable to a liquid crystal display device operated at a frequency
above 120 Hz.

Hereinafter, a 6-phase drive dual GIP type liquid crystal
display device and a driving unit thereof according to a sec-
ond embodiment of the present invention will be described
with reference to the drawing.
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FIG. 6 is a view illustrating the structure of a gate driving
unit and a discharge circuit formed on a liquid crystal panel
according to a second embodiment of the present invention.

As illustrated in the drawing, a second embodiment of the
present invention may use 6-phase clock signals (CLK
1~CLK 6) for more stable operation during the operation at
120 Hz, contrary to the foregoing first embodiment.

A liquid crystal display device according to a second
embodiment of the present invention may include a liquid
crystal panel 200 configured to display an image, a timing
controller 220 configured to receive a timing signal from an
external system and generate various control signals, and gate
and data driving units 240, 250 configured to control the
liquid crystal panel 200 in correspondence to the control
signals.

In particular, the timing controller 220 generates a control
signal (GCS) of the gate driving unit 240 and a control signal
(DCS) of the data driving unit 250 in synchronization with the
received timing signal. Furthermore, the timing controller
220 generates a plurality of clock signals (CLK 1~CLK 6) for
determining a drive time of each stage in the gate driving unit
240. Here, the first through sixth clock signals (CLK 1~CLK
6) are signals for maintaining a high interval of three hori-
zontal periods (3H), and overlapped with each other for two
horizontal periods (2H). The first, third and fifth clock signals
(CLK 1, CLK 3, CLK 5) are provided to the first gate driving
unit 240a, and the second, fourth an sixth clock signals (CLK
2,CLK 4, CLK 6) are provided to the second gate driving unit
2405.

Furthermore, the timing controller 220 may output the
received image data (RGB DATA) by aligning and modulat-
ing them in a form that can be processed by the data driving
unit 250.

Two gate driving units 240 are provided in the non-active
area (N/A) at both ends of the liquid crystal panel 200. Each
gate driving unit 240a, 2405 is comprised of a plurality of
stages containing shift registers. During the fabrication of a
substrate of the liquid crystal panel 200, the gate driving unit
240 is embedded therein in a thin-film pattern form on the
non-active area in a gate-in-panel (GIP) scheme.

The first and the second gate driving units 240a, 2405
alternately outputs a gate high voltage (VGH) for each three
horizontal periods (3H) through a plurality of gate lines (GL
1~GL n) formed in the liquid crystal panel 200 in response to
a gate control signal (GCS) received from the timing control-
ler 220. Here, the output gate high voltage (VGH) maintains
for three horizontal periods (3H) and the front and rear gate
high voltages (VGH) are overlapped with each other for two
horizontal period (2H). It is provided to pre-charge the gate
lines (GL 1~GL n), thereby performing a stable pixel charg-
ing operation compared to when applying a data voltage.

To this end, a first, a third and a fifth clock signal (CLK 1,
CLK 3, CLK 5) having three horizontal periods (3H), respec-
tively, are applied to the first gate driving unit 240a, and a
second, a fourth and a sixth clock signal (CLK 2, CLK 4, CLK
6) overlapped with the first, the third and the fifth clock signal
(CLK 1, CLK 3, CLK 5) for two horizontal periods (2H) and
having three horizontal periods (3H) are applied to the second
gate driving unit 2405.

For an example, if the first gate driving unit 2404 outputs a
gate high voltage (VGH) to the n-th gate line (GL n), then the
second gate driving unit 2405 outputs a gate high voltage
(VGH) to the (n+1)th gate line (GL n+1) after one horizontal
period (1H), and the first gate driving unit 240a outputs a gate
high voltage (VGH) to the (n+2)th gate line (GL n+2) after
one horizontal period (1H).
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Next, the second gate driving unit 2405 outputs a gate high
voltage (VGH) to the (n+3)th gate line (GL n+3) again after
one horizontal period (1H), and then the first gate driving unit
240q outputs a gate high voltage (VGH) to the (n+4)th gate
line (GL n+4) while at the same time the first gate driving unit
240aq output a gate low voltage (VGL) to the n-th gate line (GL
n) to turn off the thin-film transistor (TFT), thereby maintain-
ing a data voltage charged in the liquid crystal capacitor (Clc)
for one frame.

Accordingly, a discharge circuit (TL 1~TL j, TR 1~TR j)
for applying a gate low voltage (VGL) is activated at a time
point when a voltage of the gate line (GL n) is switched from
a gate high voltage (VGH) to a gate low voltage (VGL) to
discharge the gate line (GL n), thereby minimizing the dis-
charge delay.

The foregoing discharge circuit is connected to an end of
each gate line (GL 1~GL n) to correspond to the each gate line
(GL 1~GL n), and a R-discharge circuit (TR 1~TR j,jis a
natural number) connected to the odd numbered gate line (GL
2n-1) is provided adjacent to the second gate driving unit
2405, and a L-discharge circuit (TL 1~TL j) connected to the
even numbered gate line (GL 2#) is provided adjacent to the
first gate driving unit 240q.

Here, each discharge circuit (TL 1~TL j, TR 1~TR j) is
connected to a gate line (GL n+3) provided subsequent to the
third one on the basis of one gate line (GL n) to apply a gate
low voltage (VGL) to the relevant gate line (GL n).

The discharge circuit (TL 1~TL j, TR 1~TR j) is formed
with a thin-film transistor between each stage constituting the
gate driving unit 240. Accordingly, an area (2xN3) occupied
by each gate driving unit 240a, 2405 in the non-active area
(N/A) of' the liquid crystal panel 200 may be reduced.

The structure of a stage and a discharge circuit of the gate
driving unit 240 will be described below in more detail.

The data driving unit 250 selectively converts modulation
image data (RGBv) in a digital form received in correspon-
dence to the data control signal (DCS) received from the
timing controller 220 into data voltage (VDATA) in an analog
form based on a reference voltage (Vref). The data voltage
(VDATA) is latched for each horizontal line, and entered to
the liquid crystal panel 100 at the same time through all the
data lines (DL 1~DL m) for one horizontal period (1H).

According to the foregoing structure, in a liquid crystal
display device including an integrated driving circuit accord-
ing to an embodiment of the present invention, the number of
stages may be reduced through the structure of alternately
outputting a gate driving voltage other than the structure of
simultaneously outputting a gate driving voltage from both
gate driving units, and a separate discharge means may be
provided between each stage to assist the discharge of the gate
line, thereby minimizing a discharge period delay.

Hereinafter, the structure of a gate driving unit and a dis-
charge circuit according to a second embodiment of the
present invention will be described in more detail with refer-
ence to the drawing.

FIG. 7 is a view illustrating the structure of a gate driving
unit and a discharge circuit formed on a liquid crystal panel
according to a second embodiment of the present invention.

A gate driving unit may include a first gate driving unit
240q formed at an end of'the liquid crystal panel and a second
gate driving unit 2405 formed at the other end thereof. Fur-
thermore, the discharge circuit may include a plurality of
L-discharge transistors (TL 1~TL j) formed between each
stage of the first gate driving unit 240a and a plurality of
R-discharge transistors (TR 1~TR j) formed between each
stage of the second gate driving unit 2405.
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A first through a sixth clock signal (CLK 1~CLK 6) in a
six-phase scheme and a gate high voltage (VGH) and a gate
low voltage (VGL) are applied to each stage, and though not
shown in the drawing, the power voltage (VDD) and ground
voltage (GND) may be also applied thereto. In particular, a
high interval of the first through the sixth clock signal (CLK
1~CLK 6) maintains for three horizontal periods (3H), and
the first through the sixth clock signal (CLK 1~CLK 6) are
overlapped with one another for two horizontal periods (2H).
Furthermore, the gate high voltage (VGH) is a voltage for
turning on a thin-film transistor in the active area (A/A), and
the gate low voltage (VGL) is a voltage for turning off the
thin-film transistor.

The first gate driving unit 240qa receives the first, the third
and the fifth clock signal (CLK 1, CLK 3, CLK 5), and the
gate high voltage (VGH) and gate low voltage (VGL), and
outputs a gate driving voltage to a plurality of odd numbered
gate lines (GL 2r-1) based on a first start voltage (Vst 1)
corresponding to the gate start pulse (GSP). The gate high
voltage (VGH) for turning on a thin-film transistor among
gate driving voltages is output for each three horizontal peri-
ods (3H). Furthermore, front and rear gate high voltages
(VGH) are overlapped with each other for each two horizon-
tal periods (2H).

The first gate driving unit 240ae may include a plurality of
a first through a k-th (k is a natural number) L-stages (STL
1~STL k) an output end of which is connected to an end of the
first start voltage (Vst 1), and two dummy L-stages (DTLs).

The second gate driving unit 2405 receives the second, the
fourth and the sixth clock signal (CLK 2, CLLK 4, CLK 6), and
the gate high voltage (VGH) and gate low voltage (VGL), and
outputs a gate driving voltage to a plurality of even numbered
gate lines (GL 2r) based on a second start voltage (Vst 2)
corresponding to the gate start pulse (GSP).

The second gate driving unit 2405 may include a plurality
of a first through a k-th (k is a natural number) R-stages (STR
1~STR k) an output end of which is connected to an end of the
second start voltage (Vst 2), and two dummy R-stages
(DTRs).

Furthermore, an [-discharge transistor (TL 1~TL j) is pro-
vided between each L-stage (STL 1~STL k) and the dummy
L-stage (DTL).

Here, the foregoing dummy L, R-stage (DTL, DTR) is
provided to drive the last discharge transistor since there
exists no subsequent [, R-stage (STL k, STR k).

A first electrode of the L-discharge transistor (TL 1~TL j)
is connected to an even numbered gate line (GL 27) connected
to an output end of the R-stage (STR 1~STR k) and dummy
R-stage (DTR). A gate electrode thereof'is connected to a gate
line subsequent to the first electrode. Furthermore, a second
electrode of the L-discharge transistor (TL 1~TL j) is con-
nected to a gate low voltage (VGL) supply line.

In other words, the first electrode of the first L-discharge
transistor (TL 1) is connected to the second gate line (GL 2),
and the gate electrode is connected to the fourth gate line (GL
4), and a gate low voltage (VGL) is applied to the second
electrode.

Furthermore, a R-discharge transistor (TR 1~TR j) is pro-
vided between each R-stage (STR 1~STR k) and the dummy
R-stage (DTR).

A first electrode of the R-discharge transistor (TR 1~TR j)
is connected to an even numbered gate line (GL 27) connected
to an output end of the L-stage (STL 1~STL k).

A gate electrode thereof is connected to a gate line subse-
quent to the first electrode. Furthermore, a second electrode
of'the L-discharge transistor (TL. 1 TL j) is connected to a gate
low voltage (VGL) supply line.
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In other words, the first electrode of the first R-discharge
transistor (TR 1) is connected to the first gate line (GL 1), and
the gate electrode is connected to the third gate line (GL 3),
and a gate low voltage (VGL) is applied to the second elec-
trode.

Hereinafter, a method of driving the gate driving unit and
discharge circuit having the foregoing structure in a six-phase
scheme will be described as follows.

When the first and the second start voltage (Vst 1, Vst 2) are
applied to the first and the second gate driving unit 240a,
2405, respectively, the first L-stage (STL 1) of the first gate
driving unit 240q first outputs a gate high voltage (VGH) to
the first gate line (GL 1) in correspondence to the first clock
signal (CLK 1) for two horizontal periods (2H).

Next, the first R-stage (STR 1) of the second gate driving
unit 2405 outputs a gate high voltage (VGH) to the second
gate line (GL 2) in correspondence to the second clock signal
(CLK 2) for two horizontal periods (2H).

Here, the first clock signal (CLK 1) and second clock signal
(CLK 2) are overlapped with each other for two horizontal
periods (2H), and thus a rear portion of the gate high voltage
(VGH) applied to the first gate line (GL 1) and a front portion
of'the gate high voltage (VGH) applied to the second gate line
(GL 2) are overlapped with each other for two horizontal
periods (2H).

Next, the second L-stage (STL 2) outputs a gate high volt-
age (VGH) to the third gate line (GL 3) in correspondence to
the third clock signal (CLK 3), and then the second R-stage
(STR 2) outputs a gate high voltage (VGH) to the fourth gate
line (GL 4) for two horizontal periods (2H) in correspondence
to the fourth clock signal (CLK 4)

At this time, the first L-stage (STL 1) outputs a gate low
voltage (VGL) to the first gate line (GL 1) in correspondence
to the first clock signal (CLK 1), and at the same time, a gate
high voltage (VGH) is applied to a gate end of the first
R-discharge transistor (TR 1) connected to an end of the
fourth gate line (GL 4). Accordingly, the first R-discharge
transistor (TR 1) is turned on. The second electrode of the first
R-discharge transistor (TR 1) is connected to a gate low
voltage (VGL) line, and the gate high voltage (VGH) charged
in the first gate line (GL 1) is transitioned to a gate low voltage
(VGL).

In other words, a gate low voltage (VGL) is applied at both
side ends of the first gate line (GL 1) to minimize a signal
delay due to its line resistance, and thus the first gate line (GL
1) is rapidly discharged. The subsequent charging and dis-
charging operation of the gate line is carried out in the same
form.

FIG. 8 is a view illustrating a voltage change for a gate line
of a liquid crystal display device according to a second
embodiment of the present invention.

As illustrated in FIG. 8, in a liquid crystal display device
having a discharge circuit according to a first embodiment of
the present invention, each gate line (GL 1~GL n) is charged
to a gate high voltage (VGH) level for three horizontal periods
(3H), and then discharged to a gate low voltage (VGL) level
again. At this time, the adjoining gate lines (GL 1~GL n) are
overlapped with one another for two horizontal periods (2H),
lines connected to the same gate driving unit are overlapped
with one another for one horizontal period (1H). Here, a data
voltage (d) is applied to each pixel for one horizontal period
(1H) of an overlapped period between the gate lines (GL
n-1~GL n).

In particular, as illustrated in the drawing, a gate low volt-
age (VGL) is applied to both side ends during the discharge of
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the gate line, and thus the voltage level has an abruptly
inclined shape, and is transitioned to a gate low voltage
(VGL) level (c).

Accordingly, when compared to a voltage level of the gate
line in a dual GIP type liquid crystal display device with no
discharge circuit illustrated in the foregoing FI1G. 5A, a signal
delay occurs dueto alineresistance of the gate line (GL 1~GL
n) priorto or subsequent to charging in the related art and thus
the voltage level has a smooth shape (a), but it is seen that a
voltage of the gate line in a liquid crystal display device
according to a second embodiment of the present invention is
abruptly transitioned during discharge.

FIG. 9 is a view for explaining an area occupied by one of
gate driving units of a liquid crystal display according to a
second embodiment of the present invention.

As illustrated in the drawing, a first 6-phase GIP gate
driving unit 240a may include a clock signal (CLK 1~CLK 6)
and start signal (Vst) routing region 241, a gate high voltage
(VGH) and gate low voltage (VGL) routing region 242, a shift
register region 243, a level shift region 244, and an output
routing region 245.

Furthermore, a discharge circuit region 247 for outputting
a gate low voltage (VGL) to the gate line is further formed
adjacent to the output routing region 245.

According to the foregoing structure, one stage outputting
a gate driving voltage (VG) in the first gate driving unit 240a
has a width [.2 in the vertical (a short side of the liquid crystal
panel) direction and a width N3 in the horizontal (a long side
of the liquid crystal panel) direction. Accordingly, in case of
a dual gate structure, the gate driving unit occupies a region
having a width 2xN3 in the horizontal direction.

As aresult, when compared to a gate driving unitin a liquid
crystal display in the related art illustrated in FIG. 2, an
occupied area in the vertical direction is increased (L1<[.2)
but an occupied area in the horizontal direction is decreased
(N1>N3) and thus the non-active area at both sides of the
liquid crystal panel can be reduced, thereby implementing a
narrow bezel structure.

Although many subject matters have been specifically dis-
closed in the foregoing description, they should be construed
as an illustration of preferred embodiments rather than a
limitation to the scope of invention. Consequently, the inven-
tion should not be determined by the embodiments disclosed
herein but should be determined by the claims and the equiva-
lents thereof.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel formed with a plurality of gate lines;

a timing controller configured to receive a timing signal
from an external system and generate a first through a
fourth clock signal;

a first gate driving unit configured to apply a gate high
voltage to one side of the n-3th and n-1th gate lines (n
is a natural number greater than or equal to 4) in corre-
spondence to the first and the third clock signal;

a second gate driving unit configured to apply the gate high
voltage to one side of the n-2th and nth gate lines in
correspondence to the second and the fourth clock sig-
nal;

an [-discharge circuit configured to apply a gate low volt-
age to the other side of the n—-2th gate line in correspon-
dence to a voltage level of the nth gate line; and

a R-discharge circuit configured to apply the gate low
voltage to the other side of the n-3th gate line in corre-
spondence to a voltage level of the n-1th gate line.

2. The liquid crystal display device of claim 1, wherein the

first through the fourth clock signal have a high interval of two
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horizontal periods (2H), respectively, and one horizontal
period (1H) is overlapped between front and rear signals.

3. The liquid crystal display device of claim 1, wherein the
first gate driving unit comprises a plurality of L-stages con-
nected to one another, and operated by receiving any one of
the first and third clock signals, and the L-discharge circuit is
formed between the plurality of L-stages.

4. The liquid crystal display device of claim 3, wherein the
first gate driving unit further comprises at least one dummy
L-stage connected to the R-discharge circuit.

5. The liquid crystal display device of claim 3, wherein the
L-discharge circuit is a plurality of transistors comprising:

a first electrode connected to the n-2th or nth gate line;

a second electrode to which the gate low voltage is applied;

and

a gate electrode connected to the nth gate line or dummy
line.

6. The liquid crystal display device of claim 1, wherein the
second gate driving unit comprises a plurality of R-stages
connected to one another, and operated by receiving any one
of the second and fourth clock signals, and the R-discharge
circuit is formed between the plurality of R-stages.

7. The liquid crystal display device of claim 6, wherein the
second gate driving unit further comprises at least one
dummy R-stage connected to the L-discharge circuit.

8. The liquid crystal display device of claim 6, wherein the
R-discharge circuit is a plurality of transistors comprising:

a first electrode connected to the n—-1th or n-3th gate line;

a second electrode to which the gate low voltage is applied;
and

a gate electrode connected to the n—1th gate line or dummy
line.

9. The liquid crystal display device of claim 1, wherein the
first and the second gate driving unit are embedded in the
non-active area of the liquid crystal panel.

10. A liquid crystal display device, comprising:

a liquid crystal panel formed with a plurality of gate lines;

a timing controller configured to receive a timing signal
from an external system and generate a first through a
sixth clock signal;

a first gate driving unit configured to apply a gate high
voltage to one side of the n-5th, n-3th and n-1th gate
lines (n is a natural number greater than or equal to 6) in
correspondence to the first, the third, and the fifth clock
signal;

a second gate driving unit configured to apply the gate high
voltage to one side of the n—4th, n-2th and nth gate lines
in correspondence to the second, the fourth, and the sixth
clock signal;
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a R-discharge circuit configured to apply a gate low voltage
to the other side of the n-3th gate line in correspondence
to a voltage level of the nth gate line; and

a L-discharge circuit configured to apply the gate low volt-
age to the other side of the n—-4th gate line in correspon-
dence to a voltage level of the n-1th gate line.

11. The liquid crystal display device of claim 10, wherein
the first through the sixth clock signal have a high interval of
three horizontal periods (3H), respectively, and two horizon-
tal periods (2H) are overlapped between front and rear sig-
nals.

12. The liquid crystal display device of claim 10, wherein
the first gate driving unit comprises a plurality of L-stages
connected to one another, and operated by receiving any one
of the first, third and fifth clock signals, and the [-discharge
circuit is formed between the plurality of L-stages.

13. The liquid crystal display device of claim 12, wherein
the first gate driving unit further comprises at least one
dummy L-stage connected to the R-discharge circuit.

14. The liquid crystal display device of claim 12, wherein
the L-discharge circuitis a plurality of transistors comprising:

a first electrode connected to the n-4th, n-2th or nth gate
line;

a second electrode to which the gate low voltage is applied;
and

a gate electrode connected to the n-1th gate line or dummy
line.

15. The liquid crystal display device of claim 10, wherein
the second gate driving unit comprises a plurality of R-stages
connected to one another, and operated by receiving any one
of the second, fourth and sixth clock signals, and the R-dis-
charge circuit is formed between the plurality of R-stages.

16. The liquid crystal display device of claim 15, wherein
the second gate driving unit further comprises at least one
dummy R-stage connected to the L-discharge circuit.

17. The liquid crystal display device of claim 15, wherein
the R-discharge circuit is a plurality of transistors compris-
ing:

a first electrode connected to the n-3th or n-1th gate line;

a second electrode to which the gate low voltage is applied;
and

a gate electrode connected to the nth gate line or dummy
line.

18. The liquid crystal display device of claim 10, wherein

the first and the second gate driving unit are embedded in the
non-active area of the liquid crystal panel.
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